Objectives: We determined the feasibility of accessing personal journals and correlating markers of linguistic complexity with all-cause dementia and Alzheimer's disease (AD). Method: A stratified random sample of 215 older adults reported on lifetime journal writing habits. From 66 of these participants (49% of those with journals), digital photographs of journal text were transcribed then subjected to the Linguistic Inquiry Word Count program to measure linguistic complexity markers: Words per Sentence, Percentage of 6+ Letter Words, Cognitive Mechanics, Percentage of Unique Words, and Percentage of Words that are Numerals. AD diagnosis was made via in-depth clinical protocol. Results: In the larger sample, ever being a journal writer significantly predicted a 53% reduction in all-cause dementia risk. In the subsample with transcribed writings, Percentage of 6+ Letter Words predicted AD and all-cause dementia risk, with all logistic regression models controlling for age, education, gender, and Latter-Day Saints affiliation. Discussion: These data suggest the potential viability of adulthood language use as a predictive tool for late-life AD risk, both in the linguistic features and the practice of journal writing itself.
With the aging of the population, the prevalence of Alzheimer's disease (AD) is rapidly growing, expected to nearly triple by 2050 (Fargo & Bleiler, 2014) . Research efforts have focused on seeking a pharmacologic cure (Salloway et al., 2014) , identifying approaches that might slow disease progression (Mielke et al., 2012) , and developing lifestyle strategies that may delay onset or reduce AD risk (Chen et al., 2014; Norton et al., 2015) .
Another avenue of investigation is to discover methods for early detection to identify persons who may be in the prodromal phase of disease progression, so they may be targeted for treatment when it might be most effective (Mueller et al., 2005) . Still others seek methods to identify persons at highest risk decades before onset of neuropathology (Norton, Matthews, Barnes, Yaffe, & Brayne, 2014) , given recent evidence that the neurodegenerative process may begin decades before symptom onset (Fagan et al., 2014) , and indeed may be affected by environmental factors across the entire life span (Imtiaz, Tolppanen, Kivipelto, & Soininen, 2014) .
Researchers have found meaningful evidence of AD pathology without AD symptomology. It is believed that 20%-67% of the aging population dies without visible indication of AD, yet with varying degrees of neuropathology (Steffener & Stern, 2012) . Explanations for such discrepancies include the hypotheses of brain reserve and cognitive reserve (CR) as protective factors. Brain reserve is specific to individual physiological differences; CR is associated with the efficiency of neural networks, neural capacity, and flexibility (Stern, 2009; Vaughn et al., 2014) . Life-span experiences such as higher educational attainment, occupational activity, and cognitively stimulating leisure activity may lead to an increase in CR, which could diminish the visible effect of neuropathological changes (Xu, Yu, Tan, & Tan, 2015) .
One potential source of information on CR is the level of complexity of language use. Case studies of famous authors have examined changes in effective language production, writing complexity, and vocabulary usage from writing samples spanning a period of decades to identify visible declines in sophistication of language use in individuals who develop dementia in late life (Lancashire & Hirst, 2009) . Snowdon et al. (1996) used autobiographies written by Catholic nuns in their early 20s, which were manually coded for idea density and grammatical complexity. The results showed low linguistic ability in early life was a strong predictor of higher late-life AD risk. Pakhomov, Chacon, Wicklund, and Gundel (2011) carried out a case study of Iris Murdoch's works using the Computerized Linguistic Analysis System as Murdoch was known to have AD in her later years. They found a decline in multiple measures of syntactic complexity, including sentence length between 1954 and 1993 (p < .001). Saslow et al. (2014) used the Linguistic Inquiry Word Count (LIWC) program to measure linguistic cognitive complexity in speech and found it was negatively correlated with emotional stress reactivity (partial r = −.36, p = .017). If indeed linguistic complexity can be shown to provide high predictive validity for later AD risk, the method could prove valuable for early detection of risk, even in young adulthood, in order to maximize benefits of prevention strategies.
Unfortunately, the vast majority of studies of linguistic complexity examine associations between linguistic markers and outcomes only a few years later. The early work of Snowdon et al. (1996) is unique in the epidemiology of AD, proven difficult to replicate due to data demands requiring both early adulthood writing samples and latelife in-depth dementia ascertainment. Additionally, the use of manual coding, the study of only one gender, and (to a lesser extent) the fact that the nuns' writing samples were solicited, pose limitations. Fortunately, a new opportunity to further examine linguistic complexity from personal journal writing samples as a predictor of late-life AD risk has emerged from the Cache County (Utah) Memory Study (CCMS). Journal writing (diary keeping) is a practice encouraged by leaders of the Church of Jesus Christ of Latter-day Saints (Mormons), the predominant religion within Utah, and such private and unsolicited writing samples are available from a pilot study recently conducted among CCMS participants.
The study reported herein builds upon Snowdon's pioneering work and addresses the aforementioned limitations. Both genders provided journals and their writings were produced in a context-free setting, expressing personal thoughts and feelings about daily life during earlier adulthood years. We report results from a pilot study of 66 participants in the CCMS whose personal journals from early to middle adulthood have been subjected to linguistic analysis as markers for CR, and examined for prediction of late-life AD.
Methods

Participants and Procedures
Participants were sampled from the CCMS, conducted from 1995 to 2011, involving 5,092 participants in the original first wave of interviews (Breitner et al., 1999) . Participants, or family members of those deceased or incapable of consent, were contacted via telephone to determine if they had kept personal journals or letters written throughout their lifetime. A random sample, stratified by vital and cognitive status generated equal numbers of subjects in four strata who were: living/deceased, and as of last CCMS cognitive evaluation, did/did not have a dementia diagnosis, according to an in-depth dementia ascertainment protocol described elsewhere. All procedures were approved by the Institutional Review Board of Utah State University.
After verbal informed consent in a telephone interview, subjects (or their family members) were queried as to the decades during which journals had been written by the CCMS subject, how often and how much was written, if the journals and/or letters were physically available, and finally, their willingness to share the writings with the researchers. Out of 221 completed telephone interviews, 118 subjects (or their next of kin) indicated journal keeping history, 80 indicated no such history, 17 indicated they wrote and kept letters but had no journal keeping history, and 6 subjects who kept letters indicated journal history was unknown, so these 6 subjects were excluded (see Figure 1) . Therefore, when examining the effect of journal keeping history, our final sample size was 215 subjects, including 118 subjects who kept a journal and 97 subjects who did not.
Because linguistic markers can be derived from journals or letters, we next considered the 141 subjects (64%) who reported that journals or letters had been written by the CCMS subject. Of these, 30 subjects indicated the journals had been lost or destroyed, and of the remaining 111 subjects there were 80 subjects (72%) who were willing to allow a home visit for journal collection. Among these subjects, journals or letters were collected from 67 subjects for linguistic analysis. In the final model of linguistic markers, one subject lacked data on a covariate (religious affiliation) resulting in a final sample of 66 subjects.
At the home visit, written informed consent was obtained from subjects or family members of deceased persons. Using digital photography, images were captured of up to 100 pages of the writings (or the entire archive of writing samples, if fewer than 100 pages were available). When a participant had multiple decades to choose from, the 100 pages were divided evenly over the available decades to facilitate later analyses of intra-person change over time. The digital pictures were downloaded, transcribed into Word documents, and spelling corrected. The present analyses included only the earliest decade for subjects with multiple decades, and only those writings that predated dementia onset (for individuals with dementia). The age when journal text was written (to the nearest decade) had a mean of 53.7 (SD = 21.5) years, with the proportion of journal text written in various stages of the life span including 25% during participant ages 20-39, 18% during ages 40-59, 42% during ages 60-79, and 15% during ages 80-99. words capturing insight, causation, discrepancy, tentative, certainty, inhibition, inclusive, and exclusive words).
The dementia ascertainment protocol is described elsewhere (Breitner et al., 1999) . Briefly, a baseline cognitive screening was obtained using the Modified Mini Mental State Exam (range 0-100; Tschanz et al., 2002 ). An indepth clinical assessment (CA) was completed by trained nurses and psychometric technicians for those screened positive for possible dementia. A neuropsychologist and geriatric psychiatrist reviewed the CA data from a neurological examination, neuropsychological tests, and detailed history of medical and cognitive symptoms. Psychiatrist examinations, neuroimaging, and an 18-month followup CA were given to those with a working diagnosis of dementia. A final diagnosis was reached through consensus of a panel of experts in neurology, geriatric psychiatry, neuropsychology, and cognitive neuroscience. AD was diagnosed according to NINCDS-ADRDA criteria (McKhann et al., 2011) . Education, age, gender, and membership in the Church of Jesus Christ of Latter-Day Saints (LDS) were measured via self-report in the CCMS baseline in-person interview.
Data Analysis
Logistic regression (LR) analyses were conducted to predict ever receiving a dementia diagnosis (or specifically, an AD diagnosis) as a function of journal keeping history (in the larger sample) and linguistic markers (in the smaller sample with transcribed journals). All LR models were adjusted for age, education, gender, and LDS affiliation. All analyses were conducted using SPSS version 23.
Results
Of the 215 subjects included in journal keeping models, participants were 48% male with average age at study entry of 73.5 (SD = 7.0) years. There was an average level of education of 13.7 (SD = 3.1) years. Participants with an LDS affiliation comprised the majority of the sample (90%). Regarding dementia diagnoses, 144 had no dementia and all-cause dementia included 71 subjects, of whom 47 had an Alzheimer's diagnosis (39 pure AD and 8 mixed etiology). Journal keepers did not differ from nonjournal keepers on age (t = −0.082, p = .935) or education (t = −0.771, p = .442) but were more likely to be female (Fischer exact test p = .029) and report LDS church affiliation (Fischer exact test p = .007).
Among the 66 subjects included in the linguistic marker models, participants were 44% male with average age at study entry of 76.0 (SD = 8.8) years. Average level of education reported was 14.3 (SD = 3.4) years. Sixty-three subjects had an LDS affiliation and three did not. There were 44 with no dementia, 22 with all-cause dementia, of whom 20 had an Alzheimer's diagnosis (17 pure AD and 3 mixed etiology). In the larger sample of 215 subjects, ever being a journal writer predicted a 53% reduction in all-cause dementia risk (OR = 0.47, p = .025; see Table 1 ). A similar pattern was observed with journal keeping predicting a 47% reduction in Alzheimer's risk (OR = 0.53, p = .101). In LR models of the subsample with transcribed writing samples, Percentage of 6+ Letter Words was the only linguistic marker related to all-cause dementia (OR = 0.764, p = .035) and AD (OR = 0.75, p = .031).
Discussion
This was a pilot study of linguistic characteristics of unsolicited personal journal writings from younger adulthood, in a sample of individuals well-characterized for all cause-dementia and AD in late life. The most significant finding was that ever journal writing predicted more than a 50% reduction in all-cause dementia risk, without consideration as to the amount written or the number of years/decades journals were kept. Although journal keeping is associated with LDS church membership, this finding was robust to adjustment for church affiliation and all demographic variables examined. Our preliminary finding of a significant association between journal writing and later dementia risk does not provide causal evidence. Such inference will require further study including randomized controlled trials with long-term follow-up of cognitive evaluations. Additionally, in the writing samples examined, more complex language use, as measured by Percentage of 6+ Letter Words, predicted a 25% reduction in AD risk.
This pilot study has a few limitations and some key strengths. The lack of ethnic and cultural diversity may limit generalizability of findings. Particularly in the smaller sample with linguistic markers, there was little variability in differential diagnoses with nearly all cases being AD, limiting our ability to test for effects on other forms of dementia. The key strengths of this study include having demonstrated logistical feasibility of obtaining, transcribing, and quantitatively analyzing personal journal writings. Additionally, this pilot study extends earlier findings from the Nun Study by expanding to include both genders and by studying unsolicited writing samples across the adult life span.
Future studies with larger sample sizes, more systematic sampling from journals, and testing of mediation models may help clarify possible mechanisms such as cognitive stimulation, emotional regulation, and cognitive framing/stress processing. Additionally, writing samples taken during or shortly after major life events may also reveal psychological coping with specific forms of adversity as predictive of late-life cognitive health.
Overall, these pilot data suggest the viability of early adulthood language use as a predictive tool for late-life cognitive well-being. If it can be confirmed with further study that linguistic features of writing and the simple practice of journal writing itself confer neuroprotection, then journal writing could be a very inexpensive behavioral approach to promote cognitive health.
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